Raccoons may evoke thoughts of Native American mythology or fur hats, of Pocahontas or The Last of the Mohicans, but, within the last decades, the masked mammal with the bushy tail has also established a strong presence in Europe. Native to much of the North American continent, from Canada to Panama, raccoons (Procyon lotor) are now also widespread in Europe and Japan. For instance, they are fast becoming a nuisance on the outskirts of German cities surrounded by forests, such as Kassel and Bielefeld. As the news magazine Der Spiegel reported this summer, forestry experts think there will soon be a million of the clever creatures roaming the woods, seeking shelter in sheds, and plundering people's barbecues.
Remarkably, this black-and-white infestation can be traced back to a single act of stupidity, neatly rubberstamped and dated. After they had been bred in captivity for the fur trade for over a decade, in April 1934, officials allowed the release of two couples on the shores of the Edersee reservoir near Kassel, with a view to "enrich the local fauna". A map of raccoon distribution in Germany today clearly pins down this spot as the source of most of the trouble, although there is a second population emanating from a hotspot near Berlin, where a WWII bomb hit a farm breeding the animals for the fur trade.
There are many other examples of successful biological invasions that become a nuisance to human residents and/or a threat to the indigenous wildlife, and most are less conspicuous than raccoons. For instance, the UK has its issues with grey squirrels replacing red ones, Australia has learned valuable lessons from the introduction of rabbits, and across Europe beekeepers fear the advance of the Asian hornet. Meanwhile, the Argentine ant (Linepithema humile) has spread in virtually all subtropical and Mediterranean climates of the world, becoming a global invader.
Invasive plant species, such as the phototoxic giant hogweed (Heracleum mantegazzianum) and the Japanese knotweed (Fallopia japonica), can also cause problems, as can microbial species and indeed pathogens and their vectors. So it is quite important to keep an eye on invaders, to understand how and why invasions succeed, and to try and stop them from happening in the future.
Counting DAISIEs
Researchers have established regional databases to collect information on invading species. For Europe, for instance, there is one called DAISIE (Delivering Alien Invasive Species Inventory for Europe; www.europealiens.org), which has recently undergone a major update, with the addition of more than 1,000 species.
Feature
On September 12 th , it was relaunched at the NEOBIOTA conference in Pontevedra, Spain, with details of more than 12,000 non-native species, including over 6,600 plant species. The majority of these species are harmless, but experts estimate that around 15% of them cause economic damage, and a similar number harms biological diversity.
The database project started in 2005 with funding from the European Union and is now supported by the NERC Centre for Ecology & Hydrology in the UK and the Swiss Sciex programme. It also involves a consortium of invasion experts from all parts of Europe.
One of the DAISIE coordinators, Helen Roy from the NERC Centre for Ecology & Hydrology, said, "The freely available, high quality, information on the DAISIE website is key to underpinning decision-making on invasive alien species across Europe and beyond. The project is successful because a dedicated group of experts from across Europe take time to contribute, maintain and update the species information in DAISIE. This pan-European collaboration within Thousands of species have invaded new territories in recent decades, often aided by global trade and man-made habitat change. While many remain harmless, some may cause serious damage. Therefore, we need improvements in surveillance and in our understanding of which factors make a successful invasion possible. Michael Gross reports.
Alien invaders
Intruder alert: Raccoons have spread across large parts of Europe and may even become a nuisance in residential areas. (Photo: Carsten Volkwein.) the project is critical to addressing the threat of invasive alien species, considered one of the greatest threats to biodiversity, now and in the future."
In the US, there is a National Invasive Species Council (NISC), which was set up "to ensure that Federal programs and activities to prevent and control invasive species are coordinated, effective and efficient." It publishes information about invasion on the website www.invasivespecies.gov/.
Globally, the International Union for the Conservation of Nature, IUCN, has a Invasive Species Specialist Group (ISSG), which maintains a global database of invasive species (http://www.issg.org/database/ welcome/). This database covers all taxonomic groups in all ecosystems, from micro-organisms to animals and plants, focusing on invaders that threaten native biodiversity.
Invader's story Databases will only capture invaders after the invasion has happened. To find out how it happens, and how one may be able to prevent it from happening in the future, researchers have to look at specific species and work out why they have become successful invaders.
One remarkably invasive species is the Argentine ant (Linepithema humile), which thrives in most Mediterranean-type and subtropical climates around the globe. Invading armies are known to form so-called supercolonies that can expand over hundreds or even thousands of kilometres. As all members of these large empires will accept each other as colony mates, there is less intraspecific aggression than in other species, which may be one of the advantages that make the Argentine ant such a successful invader.
Analysing a comprehensive database of more than 5,000 records of the presence or absence of this widespread species, Núria RouraPascual from the University of Girona, Spain, together with colleagues from countries around the globe, investigated the combined effect of key determinants of invasion success (Proc. Natl. Acad. Sci. USA (2011), 108, 220-225) . "The results of our study indicate that climate and human modification of habitats play crucial roles in determining the worldwide distribution of the Argentine ant," explains Roura-Pascual. "Although sites with more closely-related ants tended to have less chances of being invaded, there is little evidence that native ants preclude the establishment of populations of the Argentine ant, particularly if the climate is suitable and human pressure on the environment is high."
The researchers were surprised to find that the volumes of human movements, trade, and traffic, often seen as a trigger for species introduction, appeared to play no significant role in the question of whether or not the ant is present in a given country at the scale of analysis. Even the routes less travelled are still offering sufficient opportunities to invade, if the climatic conditions at the destination are right for the ant to establish itself.
"The main conclusion from this study is that climate and human modification of habitats interact to shape the global distribution range of the Argentine ant," RouraPascual concludes. "Human activity clearly influences the movement and establishment of species, but climate suitability is the ultimate constraint on the distribution of this invasive species."
Further insights into specific adaptations that enable this ant species to beat all competitors in a globalized biosphere may be gleaned from the genome sequence, which was published in April 2011 (Proc. Natl. Acad. Sci. USA (2011), 108, 5673-5678).
One influence that is widely believed to be important -but remains poorly understood -is life history, i.e. the way organisms use time and energy for their reproduction, growth, and survival. Daniel Sol from Spain's Center for Ecological Research and Applied Forestries (CREAF-CSIC) together with colleagues from Spain and the UK has analysed the influence of life history traits in 2,760 bird introduction events, 47% of which were successful invasions (Science (2012), 337, 580-583).
The researchers tested the popular hypothesis that fast reproductive rates make a successful invasion more likely. They found that the hypothesis can be confirmed only in cases where the initial population size is extremely small, such that the population needs to escape the situation where all individuals could be easily wiped out at once by stochastic events. In cases where the introduced population already has a reasonably safe size, reproductive rates don't correlate with the success of the invasion.
An alternative hypothesis which the researchers tested claims that successful invaders are characterized by life history strategies that favour the well-being of future generations over rapid population gains. In this case, using the so-called brood value as a metric, which measures the extent to which the reproductive effort is allocated in different reproductive events, the researchers found evidence that a low brood value provides an advantage for invaders. "The risk of reproductive failure is expected to be high in the early stages of the invasion given that the invader has had little opportunity to adapt to the novel conditions and individuals often have insufficient information on resources and enemies," Daniel Sol explains. "For a species with a high brood value, which allocates all reproductive effort in a few events, the incapacity to spread the risk in many breeding attempts or to delay reproduction if conditions are unfavourable may have important costs. By prioritizing future over present reproduction, however, individuals do not only reduce these costs, but also increase the opportunities for acquiring environmental information and improving performance on exploiting the resources and avoiding the enemies." Thus, prioritizing future reproduction may improve an invader's chances of establishing a population in the long term.
Do no harm
While most invaders remain harmless, the data from the European database mentioned above show that around 15% of them cause damage to the biodiversity of the environment they colonize. This may simply be due to inadequate linking into the food weban invasive species may thrive on grazing or predating a native species, but may lack a native species that keeps its numbers in check.
For instance, the leaf-mining moth (Cameraria ohridella) has been invading Europe since the 1980s and was first spotted in England in 2002, where it is now damaging horse-chestnut trees and apparently spreading unchecked due to a shortage of predators. "There are a number of parasitoids that are present in the moth's natural habitat that did not make it to Britain at the same time as the moth was introduced," says Britt Koskella from the University of Exeter. "This is a similar story to many other invasions, one species is able to temporarily escape its enemies (the so-called 'enemy-release' hypothesis) and can therefore grow to numbers that would not be possible in the natural habitat. Luckily, the parasitoids are now catching up and there is some evidence that they are increasing in numbers in the UK."
In such cases, the green solution may be to import the natural enemy of the imported species. The usefulness of this approach has been demonstrated for the invasive weed Japanese knotweed, for which the company CABI has developed a biological control strategy based on introduced psyllid species, which keep the weed in check in its native Japan, and which are so highly specialized that they only damage this one species (see Curr. Biol. 2011, (21) , R641-R643).
Further worries arise when disease vectors expand their range and invade new territories (or places from which they have previously been expelled). As a side effect of climate change and globalized trade, disease-carrying mosquitoes are increasingly invading Europe. A significant concern is the Asian tiger mosquito, which is often imported along with tyres. It can carry many different viruses and thus transfer diseases including dengue fever and chikungunya (Vector-Borne Zoonotic Dis. 2012, (12), 435-447) .
In August, the European Centre for Disease Prevention and Control in Stockholm, Sweden, issued new guidelines to help European countries with their mosquito surveillancesomething that had been unnecessary during a few happy decades between the eradication of malaria in Europe and the recent return of vector-borne diseases.
With mosquitoes carrying deadly diseases, there is little doubt that one can and should fight them as much as possible. The situation is a bit trickier with the raccoons in Germany. They may become problematic if and when they catch rabies -more than a hundred cases of rabies in raccoons have already been reported from Germany and from several Eastern European countries. Raccoons are also becoming a worry in Spain, where the population in the wild apparently descends from pet raccoons escaped or released from homes, and where Beatriz Beltrán-Beck and colleagues have recently reported a whole range of diseases that the animals may carry (Eur. J. Wildl. Res. (2012) 58, 5-15) .
In Germany, there is some debate as to whether the raccoons should be decimated. They are hunted in most areas of Germany, but on the other hand, their cute looks have also caught the attention and triggered the paternal instincts of animal lovers, and many feel that they have been in Germany for long enough to claim asylum. After all, we humans are native Africans, and invaded all other continents relatively recently, causing huge damage to local biodiversity, so who are we to judge?
